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SECTION  I 


INTRODUCTION 

P  cattr.nv  Arsenal  Research  and  Development  (R&tD)  Studies  to  provide 
improved  igniter  compositions  as  substitutes  for  black  powder  in  artillery 
primers  led  to  the  development  of  benite  strands,  Benite  is  essentially  an 
extruded  form  of  black  powder,  containing  the  ingredients  of  black  powder 
f potassium  nitrate,  charcoal  and  sulfur)  in  a  matrix  of  nitrocellulose.  The 
ratio  of  black  powder  ingredients  to  nitrocellulose  is  60  40. 

Ber.  te  cat’  be.  manufactured  by  a  solvent  extrus.on  process,  using 
essent  allv  the  came  mixing,  extrusion  and  drying  facilities  employed  in  the 
manufacture  cf  double  and  triple  base  cannon  propellants .  However,  there  i.c 
O’-e  major  difference.  Because  of  the  length  of  the  strands  --  6  to  20  inches, 
.ependirg  on  the  application  --  use  of  cannon  powder  cutting  equipment  is 
ret  feasible.  Handling  and  cutting  equipment  developed  for  production  of 
RhD  q^ant  ties  constitutes  a  waste  of  materials  and  labor  and  is  not  con- 
6  dereu  s:  table  for  scale-up  to  mass  production.  In  addition,  potassium 
r.trate  preparation  is  expensive  because  of  the  recrystallization  step 
be!  eved  necessary  to  yield  a  less  hygroscopic  product. 

Ir,  the  product  area  the  effect  of  variables  such  as  strand  diameter 
moisture  and  volatiles  level  incorporation  of  rework,  use  of  technical  grade 
potass  am  n  jnon -recrystallized)  and  variations  in  potassium  nitrate 

partial-  ..,ie  nad  not  b'en  determined.  Only  limited  data  was  available  on  the 
sereiUvitv  and  detcnability  of  in-process  benite. 
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This  report  covers  the  production  engineering  program  to  overcome 
Muse  deficiencies  >n  the  manufacturing  process  and  to  obtain  necessary  data 
to  base  a  realist  1:  acceptance  specification  for  benite. 
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SECTION  II 


SUMMARY 

Production  engineering  on  benite  was  closely  tied  to  production  because 
of  an  urgent  requirement  that  arose  when  a  benite -loaded  primer  was  found 
t  be  i.-ssenliol  lur  i'ne  successful  performance  cf  the  90mm  T-  .'00  ro  .nd. 

T!  ercfore,  a  first  phase  of  this  program  was  slanted  at  solving  immediate 
production  problems  with  minimum  modification  to  existing  Ordnance  facilities. 
A  se  e  end  longer  range  objective  was  to  evolve  an  optimum  process  for  the 
manufacture  of  benite. 

The  most  urgent  problem  was  to  develop  an  acceptance  specification 
practical  for  production  use  since  it  was  scon  found  that  the  R&D  require¬ 
ments  which  were  necessarily  based  on  limited  manufacture  were  onsuited 
for  pioduction  It  wns  necessary  to  relax  the  requirements  for  (a)  moisture 
content  (b)  total  volatiles  and  (c)  the  1  I  4.  5°C  heat  test.  Satisfactory 
ballistics  were  used  as  the  criteria  for  increasing  the  allowable  moisture 
and  volutile  content  and  satisfactory  surveillance  life,  the  critc-ina  for 
permitting  ihe  reduced  heat  test  requirement. 

Other  charges  to  the  R&rD  specification  (PA-PD  -1741)  included  elimination 
of  the  hygroecopicity  and  functioning  tests  and  the  requirement  for  use  of 
reagent  grade  potassium  nitrate.  The  resulting  modified  requirements  are 
contained  in  the  current  specification,  MIL  B-45451,  27  January  I960.  The 
use  of  technical  grade  notassium  nitrate  results  in  savings  in  raw  material 
costs  of  22  cents  per  pound. 
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A  product  and  process  variables  study  was  conducted  to  determine  the 
effect  of  variables  such  as  strand  diameter,  particle  size  of  oxidizer, 
addition  of  plasticizer,  use  of  rework,  use  ot  alternate  solvent  and  stabilizer, 
and  substitution  of  pyrocellulose  for  military  blend  nitrocellulose  on  the 
processing  and  performance  characteristics  of  benite.  This  study  was  based 
in  manufacture  and  testing  of  1  5  pilot  lots.  It  was  found  that  (1)  the  function¬ 
ing  characteristics  of  benite  are  relatively  insensitive  to  minor  changes  in 
dimensions  and  formulation  (2)  the  use  of  rework  has  no  deleterious  effect 
on  the  performance  characteristics  of  benite  (3)  substitution  of  ethyl  acetate 
lor  diethyl  ether  in  the  solvent  system  improves  processing  characteristics 
I-)'  direct  substitution  of  diphenylamine  for  ethyl  centralite  improves  the 
chemical  stability  as  measured  by  the  short  term  heat  tests. 

The  efficacy  of  the  benite  with  the  ethyl  acetate  solvents  and  the  rework 
a;-  confirmed  in  ballistic  studies  in  the  three-inch  gun.  Firings  using  these 
i  xpe  ri  mental  lots  were  conducted  at  -40°F,  70°F  and  1  60°F.  In  addition, 
i  r  ngs  conducted  using  primers  environmentally  conditioned  for  four  weeks 
both  at  1  70°F  and  122°F  and  95%  relative  humidity,  gave  completely 
satisfactory  results  in  regard  to  velocity  dispersion,  pressure  uniformity, 
ignition  delay  and  smoothness  of  the  pressure  versus  time  trace. 

In  an  effort  to  attain  a  more  economical  production  process  for  benite 
strands,  pilot  scale  studies  were  conducted  to  determine  the  feasibility  of 
adapting  the  high  capacity,  automated  equipment  used  in  t’  food  industry  for 
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the  manufacture  of  spaghetti  (long  goods  extruder  and  spreader)  It  was 
found  tt  at  particularly  good  flow  characte  ristics  could  be  achieved  with 
multi  -orifice  plate  extrusion  (a  51  vvay  die  was  used)  using  the  ethyl  acetate 
solvated  colloid  and  that  flow  uniformity  could  be  achieved  by  incrementally 
selecting  and  earning  holes  n  the  die  breaker  plate  Also,  the  ethyl  acetate 
colloided  st -anus  after  draping  on  a  dowel  hung  straights?  and  dried  without 
racking,  warping  or  other  deformation. 

s  es.ima.ed  that  with  multi -orifice  extri  sion  and  spreading, 
substantial  labo  savings  car  be  effected  At  a  prod  lction  rate  of  50,000 
pounds  per  month,  it  should  be  possible  to  amortize  the  cost  of  this  automated 
equipment  in  aboi  *  one  to  two  months. 

Bo:!,  the  fxii.'.iui  pendulum  and  the  deto»  ation  hazard  solvent  wet  material) 
tests  showed  that  benite  reacts  similarly  to  single  base  (M-10)  propellant 
and  tverefo'e  may  oe  considered  a  Class  2  explosive  haza-d  when  solvent  wet. 
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SECTION  C 


'■&:  -  i.  ■  '  r>r 

*•  .i% :  **ytJ{*n 

CONCLUSIONS  ‘JJCx*0!f 

A  re»*.‘i.  _  ac  cptance  specification  fcr  benite  strands  has  beer  prepared 
based  or  lata  frcm  ballistic  tests  is.  tre  90mm  T,00523  round 

Te  *■  -  o  t:,-‘  potassium  -ate  s  ‘itftaftoiv  for  ma.nuxact  ure  of 
be  r  te  Tre  se  cl  t  ■  s  material  prov'des  a  So'-mgs  in  the  manufacturing  cost 
ct  cbo  it  ce-ts  per  pound. 

Pro.  ess  "-.g  •rtormation  was  develcpe.  1  for  use  with  convert)  C'-. 1  Ordnance 
equipment  I '  e  na;o r  improvements  no  »■  ,  r.cc  i  porated  in  tht  ileecri.pt  or  of 
Manviact  re  e  h  t‘e  drying  t.empe  rat  are  wa‘  increased  to  1  3 1  ~  F  with 
consequent  redv-'cr  ir  drying  time  it  the  drying  time  on  tee  reeis  was 
red  iced  from  >0  .days  to  12  hours,  and  c’  tV'e  incorporation  ol  rev  ork  with 
a  :  or.  sequent  mp-rr  ement  in  yield  from  to  90%  *. 

Tie  ‘tab  i‘v  claia:.terist  cs  "f  benite  -  as  measured  by  the  standard 
i^crr  term  fe:.t  rests.  •  are  improved  b\  the  direct  subsutxt:  on  of 
cl  ph.er.via mine  lor  eth/x  central’te  xn  hoc  formulation.  If  surveillance  »ests 
corf  rm  th  e  f  '  d  rg  the  subs*xtutior  will  be  ms.de. 

The  processing  characteristics.  cf  benite  i  re  improved  by  t<  e  se  of  ar 


etr>. v ■'  acetate  and  alcohol  solvent  system  :r.  place  of  the  diethyl  s’>  er  and 
al cchol  syste  m. 

Tr.e  leasib  lit-.,  of  using  a  multi- orifice  plate  die  in  extrusicr  of  benite 
strands,  and  drying  benite  strands  cr  a  dowel  was  demonstrated.  This 


ndicates  that  the  use  of  automated  high  capacity  equipment  of  the  type  found 
in  the  food  and  plastics  industries  inay  be  adapted  to  benite  manufacture. 
Prototype  studies  to  establish  a  process  with  this  equipment  are  now  under¬ 
way  al  Radford  Arsenal, 

b<‘niu  colloid  duet  not  detonate  under  severe  conditions  of  confinement 
and  theretore  should  be  considered  a  Class  2  explosive  hazard  (fire  hazard) 

lor  extrusion, 

The  functioning  cha racte ristics  of  benite  are  relatively  insensitive  to 
minor  changes  m  dimensions  and  formulation. 
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SECTION  IV 


RECOMMENDATIONS 


SECT 'ON  V 


STUDY  N;, 

t. 

/ 

A  S  •  j:es  to  Establish  A  Realist  -  Acceptar.ee  Specification  For 

Beni  te  Strands 

T*  <  .  t  >1  -equi  re  T.e  - 1  s  for  t*  e  t,-i:te  stands  a  •  leptar.ce 

si  !  i i' ion  •  M!L  B-4c4Ii.'  wre  neeessaril,  based  only  on  a  limited  amount 
ot  '  cmi  and  pi  steal  lest  data.  Fo.' lowing  ds  stavt  of  production  at 
Pi  u  atilt"  i ,  it  became  evident  .hat  seme,  of  the  requirements  were  unrealistic 
and  th.a*  spe  .tfi  :  alto:.,  tevts  ors  wo  '  j  be  rsqur-c  d  for  ecor.om*  p  ‘oduction. 

Nt*.  '554;,  revisions  vert  effected  as  the  result  oi  th*»  wk  d'stussed 
ue low  Table  !). 

1  Total  Volatiles  (T  V  and  Total  Moisture  (T.M.) 

The  initial  P?  cat.nny  prod  etion  lot  of  bentte  ,PA- E-29  1-39),  made 
sir  ^  the  same  p  c. ess  employed  t\  R&D,  failed  to  meet  spec  fieatior. 
eq  i-ements  for  total  volatiles  and  total  moisture,  shown  in  these  examples. 

Spec  PA  PD  I? 4.1  PA-E-291  3^ 

T  V.  ,  <f0  max  0.  75  2  11 

T  M  ,  %  max  0  50  0 .  8 i 

To  determine  whether  the  specification  requirements  co,,ld  be 
relaxed  to  pe-rrit  acceptance  of  this  lot,  9  se-:es  of  tests  were  conducted  in 
the  90mm  gun  with  the  T300F53  round  to  compare  t.he  performance  of  Lot 
PA  E  -29139  with  a  lot.  of  benite  used  by  P.&D  in  development  of  the  round. 


Test  results  summarized  in  Table  2,  Series  I  of  Appendix  A>  showed 
no  significant  difference  between  the  two  lots  in  velocity,  velocity  dispersion, 
maximum  pressure  and  maximum  pressure  dispersion.  It  is  noted  that  the 
li  rings  were  performed  at  -40°F,  which  represents  the  most  severe  test  for 
ihi  propellant  ignition  system.  The  ballistic  acceptability  of  the  initial  pro¬ 
duction  lot  was  further  confirmed  by  the  results  of  instrumented  static  firings 
m  the  XM-  79  primer  liable  i  Appendix  A). 

Following  this  initial  work,  it  was  desirable  to  further  evaluate 
the  effects  of  T  V.  and  T.  M  content,  on  benite  performance,  to  establish 
It 'mts  winch  could  be  met  without  extended  drying  cycles.  This  would  preclude 
the  necessity  for  redrying  of  benite  at  the  loading  plant,  as  is  sometimes 
required  with  black  powder.  To  accomplish  this,  a  sample  of  benite  (solvent 
wet  strands)  was  taken  from  a  production  mix  (lot  PA-E-29796)  and  subjected 
to  this  treatment: 

a  Storage  for  three  days  at  room  temperature. 

b  Exposure  to  an  environment  of  95%  relative  humidity 
o 

and  a  temperature  of  100  F  for  six  hours, 

The  T  V.  and  T.  M.  of  the  benite  at  the  end  of  this  time  was  2.96% 
and  1.  5%  respectively.  Then  the  benite  was  loaded  into  XM79  primers,  with 
care  taken  to  minimize  the  loss  of  volatiles  and  moisture.  For  comparison 
purposes,  a  secord  set  of  primers  was  loaded  with  benite  representing  the 
first  production  lot  manufactured  by  Radford  Arsenal.  The  T.  V.  and  T.  M.  of 
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.t-e  ft  »  I*c  • or  was  2.  04%  and  0  68%  respective!  v  Th  s  was  done  to  serve  a 

"'M 

-  vo  fo’  1  p.-pose-  '  1)  evaluate  the  effects  of  "high"  T.V.  and  evaluate 

—  ^4 ,  ^ 

t.  e  p  *  fc  rrr  in  °  cf*  t';.e  f:rst  benite  made  af  Radfc^d  Arsenal  Tne  tests  peV- 

fo  -  —vi  i  )  boil.  >nst  -  jmenfed  static  p.-imer  firings  at  160°F.  "’0°F  and 

6f°F  ,nJ  g  n  firings  with  the  T300E.H  rc.nti  at  ?0°F  and  -40°F  . 

The  p-imer  firings  showed  that  the  high  TV  material  functioned 

s  at . -f  a  to  -  !  / ,  without  a.»,.  han«rf.’. res  or  ex.essive  ignition  delays  at  -feh°F 

, Table  Appe*- 1  x  A,  n  the  cise  ol  the  Had'e-J  lot.  the  160°F  and  tv  ? 

.  ,  r 

•_  ing--  gave  >cna.  results.  However,  at  hi  F,  one  primer  gave  ar. 
excessive  igr.it. cr  delay  greater  than  3f  tlltse tends,  while  two  othe.  piirners 
_  ave  highi  than  average  ignition  delays  Typical  stati  t  firing  traces  fo  -  t.,e 
y vo  lots  jre  shown  at  ‘he  t.  .ree  conditioning  temperatures  in  Figures  2-  4 
Appendix  A!. 

rvr  f:  .ergs  --  't-e  90mm  gun  (Table  2,  Appendix  A)  showed  that  the 

o 

y  ah  T.V  benite  produced  an  increase  ir  velc.it  -  dispersion  at  -40  F  but 
other  wise  provide:!  satisfactory  ignition  and  function-:.?- g  of  ihe  .omd,  ?.*  can 
be  seer-  f-ow  typical  p-t  traces  for  the  series  Figure  1,  Appendix  A). 

T'.e  Radford  lot  also  gave  good  ignition,  as  evidenced  by  the  p-  t  traces, 
ht'  *>  e  delay  times  wire  approximately  twice  that  of  the  high  T,  V  lot,  (22.  2 
ve-s  s  .  4  milliseconds),  confirming  the  behavior  ir.  the  primer  firings  It 
is  noted  that  the  average  value  obtained  by  R8tD  for  -40°F  ignition  lag  was  14.  5 
milliseconds.  The  higher  ignition  lag  of  ‘he  Radford  material  did  not  appear  tc 
..ause  any  deleterious  effect.  (Since  these  tests  were  run,  studies  performed 


vit.h  XM?9  ami  XM80  bemte  primers  have  flown  that  ignit'on  delay  and 
Hanoi  re  ten  Jewries-  ran  be  markedly  reduced  and  unilormity  can  be  improved 
by  a  charge  to  'I  c-  primer  head  design  This  change  consists  of  putting  a 
small  (three  gr:  r  blu  k  powder  bcoster  charge  in  line  with  the  initiator 
tli  im  i  t  to  pro>  :le  a  ‘-  tronge  r  flame  at  the  ends  of  the  strands.  Since  there 
appears  to  be  variation  tn  the  ignitibilitv  of  different  lots  of  bemte;  the  black 
powder  booster  ehmmates  the  slow  or  marginal  ignition  which  is  occasionally 
encountered.  A  ‘eparate  report  covering  this  work  is  being  prepared.) 

r  t  de-.ng  tKe  above  data,  it  was  determined  that  the  limit  for  T.  V. 
should  bt  ‘ft  at  .  c  "> 7o  mwa.  1  0%  max.  for  T.  M.  These  limits  removed 

the  problem  cf  long  drj :  ng  times,  yet  provided  an  adequate  margin  ol  safety 
to  insure  sat  ‘factory  item  perlc.rmance  It  should  not  be  necessary  to  redry 
tins  material  at  the  loading  plants’  beca.se  ot  the  relatively  low  hygroscopicity 
ol  bemte 

<1  Hygroscopicity 

The  'ii  t  at  specification  requirement  cf  hygroscopicity  t 1.9%  max.  ) 
was  considered  a  means  tor  assuring  that  any  slight  impuritv  m  the  raw 
materials,  partic  uiarly  the  potassium  nitrate  would  not  increase  the 
hygroscopu.itv  beyond  the  R&D  program  level.  In  this  regard,  R&D  specified 
that  potass  urn  ntrate  used  m  bemte  be  rec rvstallized.  This  was  based  on 
prior  work  with  pyrotechnic  compositions  in  which  recrystallization  was  used 
to  reduce  the  sod:um  content  mpurity  which  has  an  affinity  for  moisture. 


5-  •  ,  the  r.  -  -m.  zf  i  mater  a]  or  the  eq'.woU m  reagentgra.de,  costs 
b  -  i-  t  nt.  per  po j  a  more  fa-  f.e  te-onr.  .r  al  grade,  tests  were  ccn- 
d  .  it  •  ir’i  rrvt  >  t  ether  tne  added  cc*t  was  justified.  .  - 

A-,  .  -  -■  »t(i  that  re-'.rysti'.'  'i  n  reduced  the  sodium  content 

•  £  -  H  p  jm  n-.rate  frc  -n  0.  •  f-%  19%  is  the  max  allowed 

b  •  -  .  ».rr  .  P  236;  to  0  0.'%  with  i  resultant  decrease  in  hygrc- 

-  op  -  •  .  .  -  0  1  %  t.c  0.  .’4%.  •  Tat  .  e  •  Aopeodix  A  The  effect  cf  this 

: -if.  -I  »  b  enite  h  g  rose  op- c  t,  -  *«  evaluated  by  compar  ng  hygro 
-■  .  j.  .  •  t<-  i  ;  -  :  ter  lots  of  tf  -  ’«  ns  ;e  vth  rc  .  rvstalli  red  potissium 
*  r  j  t .  .  .  ■  - ,  ,  ro  j  p  let  batches  wh  t  .k,i  ■<  p  r  e  po  red  using  techr.i  ai  grade 
p<  jt.  ,n  •  tt;-<  F;cin  tt.e  data,  sJn.,n-,r  /e«j  in  Tab  e  5.  Apperdix  A,  -t 
a-  be  -tc  -at  .*>.  cf  technical  grade  potass  turn  nitrate  increase*  the 
.  ’  t  r  *  cp  •  0.  13%.  F  rc  n  s  pr--..-t.cal  standpoint  this  tiflerence 

.*  -ci  *  .t  T-.l  to  he  s  amf  cant.  F  t  hr,  ballistic  tests  male  -nth 
Itf  te  preps  re  -  with,  tcrh’ii.cii  grade  pota*.  *  um  r»  trate  showed  that  performance 
-a*  r.ct  asvetff.e  *if«  ;ted  even  after  .rcr mental  conditioning  i. Table  4. 
Append ’x  E'.  Based  r  tfc  s.  the  requirement  ter  use  of  recrvetaiiized  or 
toift  gride  potassium  nitrate  ana  the  reqo  re.ner.t  ter  ayg  res  top.city  was 
rdcle.te.1  from  *.-e  spe  :'.oat.O!-.  Tc.s  resulted  in  a  saving  of  20  cents  per 
pejnh  r  the  cct  of  -nanufact-r  ng  ben:*e. 
j.  &tabi_:tp 

Soor.  a'ter  be*  te  product: or.  w--  started,  was  four.d  that  the.  134.  5°C 
>-eat  n*'  req..  re. merit  cf  40  minutes  'tee  same  as  is  required  for  single  base 
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p ropfl la ’  t>:  cojld  not  be  <  onsistently  met,  as  the  actual  values  obtained 
r.t'-ceil  from  *5  IS  tm  tes  Table  6.  Appendix  A;.  A  study  was  made  to 
diterm  "c  the  ‘tab  !  tv  c  ra  teriet'cs  of  bente  bv  other  rapm  methods  as 
.ilia1-  t e t  6 5 .  5  and  80 f  G  s u  r vc  flame  tests. 

W  *h  regard  tc  t>  i  latter.  -=  ‘•a  upie  cf  benite  (lot  PA-E-26467) 
plu  ed  n  sur  i  II  ’  cr  cl  j  ring  the  Rtk.'J  program  had  not  produced  red  fumes 
ulti  r  18  mom  Is  at  80  G  This  '-.ample  u-s  removed  from  surveillance  and 
tested  for  a’ a  1  t  r  stabilizer.  The  ethyl  cuntraltte  content  was  found  to  be 
i  ompiete  vie  pit  t«-d.  t  owt  \  e  r.  the  motor  .A  ‘-hewed  r.o  visual  evidence  of 
ph\»  :ai  deter  c  ra*)'  r  .  c  ,  tie  normal  80cC  sirveillance  trac  for  single 
base  propt  1. c  r  t‘.  c  approximately  1-'  /nerths,  the  chemical  stability  of  benite 
■  a“  considc-re  i  c._  'alc-nt  or  eve*1  somewhat  super  or  to  single  base  pro- 
pi  Ian 

A  ‘ample  cf  PA  E  26467  put  into  65.  S^C  surveillance  ?.n  March  1958 
has  :  ct  reacne  l  an  end  point  af  the  time  cf  this  writing. 

Data  ct  tamed  with  various  tots  of  bemle  using  other  short  term 
stab  1  tv  tests  centred  under  the  Sector  o.n  Product  and  Process  Variables 
St-:i  es  (the  120cC  r.ea*  90l'C  and  I00°C  vacuum  stability,  and  110°C  Taliani) 
‘rowed  this  material  to  have  somewhat  better  stability  than  double  base  pro¬ 
pellants.  Since  benite  is  re>thtr  a  single  nor  a  double  base  propellant  by 
conventional  iefir.  t  on,  ’t  was  cons  dered  that  surveillance  data  would  give 
the  best  indication  of  storage  potential.  The  134.  5°C  heat  test  requirement 


■  ^  t  t  r i  fore  changed  to  *5  m  ..nte4-  to  include  t.f  e  low  end  of  the  normal 

r,ri_i  •- 1 1  b  1 .  *  test  'alues  for  this  mater  al. 

1  Spr •  l  Gra  tv 

Tli  r  r  .j.  I  p  <  t 1  r.  gra'  : l.y  r  eq_.  re  "lent  cf  1.7  p  0  2  was  four  d  to  be 
tri  i  If  t  ai  ■.e  .s'-  ar  s’r>e  'he  val.et  cbtaired  w  th  the  tir‘'t  !2  proeiuc tion 
It  ts  te  1  ry  t'  e  r^rge  1 .  57  tc  1.  68  gms/ml  (Table  6  Append'*  A).  The 
r  =  iv."'emert  wa  >■  changed  acecrimglv  to  1  68  I  0.  15  gms/m! 

F  n  .t.oru-g  Tect 

The  hr  t  '  test  #5«  me  i  fed  the  original  spec;  ideation  as  a 

prt  c  r  -ear  .re  s.nee  ITert  was  h'tie  da*a  on  the  lot- to  lot  functioning 

f n r  'end  rf  of  ber'  te  at  the  temperature  extreme  i-65°F  and  tl60oF). 

T  *  e  re  i  j  reme  rit,  wh k  h  called  for  fr  ng  15  primers  each  at  65°F  and  +160°F 
ar  ;  »  spi-  _t,rg  ti  p  pt  'per  tubes  tor  evidence  of  rupture  was  dropped  after 

e  s  f  t  ‘if  f  rst  !  ?  lots  and  notirg  no  pviaer.ee  of  rupture.  This  was 
supported  bv  the  iact  »i-at  instrumented  static  primer  firings  demonstrated 
th •*>  the  max.  press  re  developed  was  well  belc-  the  hydrostatic  test 
pressure  .5,000  pc  r.ds  per  square  inch.)  cf  the  primer  body.  Also  coverage 
n  'r.'  s  art*  v0s  prov.tled  by  lt.clud  ng  a  fur  cticmng  test  in  the  acceptance 
spe  Jurat  cr  for  loaded  primers. 

B.  Prod.,.(  t.  and  Pieces;  Variables  Study 

!.  Fifteen  !5  pound  batches  cf  Le.nite  were  prepared  to  study  the 
fttKt  or  performance  and  processing  characteristics  of  these  variables: 

a  se  cr  tectum  *1  grade  potassium  nitrate  (MIL-P-156) 
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c.  Use-  ■  an  alternate  ioive’’t  «vsiem. 

J.  St  rar  I  flumeti-r  20%  c  e  r  and  20%  under  norma  1 
i  t  a'lerri'e  stabilizer. 

‘  .  '  t  Ate  base  piiS'taze.r. 

c  -  <  <:f  r  arbor  blacr  instead  of  charcoal, 
i  L“o  ct  p  rocellulose  instead  of  military  blend  N/C. 

C  nges  i<  po  r tic  1  c  size  ci.  potassium  pi'rate 
Cho’cis  m  m  x’iig  prc  ndure. 

c  r  i-.e .  i  'tc  procedure  .fed  to  manufacture  the  ben  te  strands 
i  a  v  -•  ol  mess  te  s’  La’ches  f  .’lowed  Picatinny  Description  of  Manufacture 
«  (  5  4  48  Rc-J  e  rerc  e  2i . 

1  l  e  rt  <■  'an  Mtaidt  ever  r  5  ubje  c  t  ed  to  chemical  and  physical 
'eft c  ana  're  stat  ..-ct.onrg  ctara 'terif  •  -  s  evaluated  by  instrumented 
■  t  a  1 1  <"  primer  f  r  rg*.  Tee  ref  alts  of  trese  te*  tf  which  are  contained  in 
Tafc.es.  1  4  o!  Append  x  A  are  d  scassed  be.nv  : 

a.  fr'rc  essmg  Cha  rac  te. :  ..ft  os 

S’r.te  produ,.  men  dilf’ealt  es  were  bemg  experienced  in 
ofcta  r.:  ng  ur.  term  extras  on  rates  through  all  dies  and  in  handling  the  solvent 
vet  strands  w  ithout  breaking,  mixes  EF  3  through  EP-6  (Table  1,  Appendix  B) 
i  i'.  prtpa  rea  to  stuay  the  etfect  ct  add.ng  plasticizers  such  as  DNT  and  DBP 
to  the  mat:  x.  ar.d  m  substituting  py rocelluicse  for  gun  cotton.  It  was  found 


t>  at  *-  ghf  mp't  emert  in  green  strength  was  obtained  in  mixes  EP-3  and 
E P  S  He  'H  er,  -a  th  EP- 4  and  EP  6  little,  if  any.  improvement  was  noted. 
T  n>  -nest  sign  '  cant  improvement,  was  obtained  with  EP-14,  in  which  ethyl 
d  .etd'e  was  Subs'.  toted  for  diethyl  ether  as  the  colloiding  solvent,  and 
■l  ptf,  : a: — >  re  t.  re  rly  Substituted  for  ethyl  entrahte  as  the  stablizer 
Ti  ‘  latter  charge  was  not  considered  to  have  an  effect  on  processability.  ) 

T  H  e  ext  r  mo'  ."iformily  anH  6reen  strength  of  EP-14  were  noti  c  eably 
c  per  -  r  '  tte  other  14  batches,  probably  due  to  the  reduced  in-process 
‘-1'  e  i  1  os  *•  a-u  =  rface  hardening  experienced  with  the  less  volatile  eth/1 

(  td  tv 

b  Physical  Properties 

Tens'le  tests  were  performed  m  accordance  with  specification 
C  r  •  '?’F  Mt  t*-o  ;  Nc  5' 00,  except  that  the  gage  length  was  set  at  two 
.nches  Va1  e«  ter  tensile  strength  and  elongation  ranged  from  3320  to  4930 
poinds  per  s;;are?rch.  and  1 .  9%  to  5.  2  %  r  e.spe  c  tively,  with  the  highest 
a  it  h  r  tensde  strength  being  obtained  lor  Lot  EP-14,  In  general,  the 
add-t.cn  oi  piast  :i/ers  and  other  formulation  changes  had  a  very  slight  effect 
r-  tve  ph\‘  cai  strength  oi  the  strand.  However,  in  the  case  of  Lot  EP-2  --- 

w r  cr  was  prepared  using  coarse  potassium  nitrate  .  a  significant  reduction 

i r  -  e  tens  le  strength  was  obtained.  This  indicated  that  control  of  potassium 
-  Irate  pari,  i  ..e  size  was  an  important  factor  in  obtaining  goon  physical 
prepert'es.  hr.-,  this  connection  the  benite  specification  required  that  the 
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pc’ as  s  uni  m*  rate  b  <-  g  round  tc  a  r>  average  particle  diameter  of  10  to  30 

m  i  r.  rorf 

C  »■.  -i  a  1  Propo  rt ,  e  c 

Tt  <  '!aI  i  i  t  v  of  be  ti  was-  thoroughly  investigated  in  con- 
i .(  r  i )  i  n  -i  1 1  h  t  j- 1  c  .  i  pi  j  t  r  ‘-prt  In  at/cr.  <-  tu  dies  (Section  V,  Part  A) . 

U;-irg  these  rt-i  iits  as  the-  standard  comparison  data  were  obtained  for 
■li  c  xpe  r  m  ni  o  i  c  ts  E.P  0,  4  o  ml  1  6  '  EP-  1  6  wa s  a  repl  cate  of  EP 

I  I  The  ro  Its  ,  T  il  u  3.  Append  x  B  show  that  the  ethyl  acetate  colloided 

be  n  ■  *  <.  i.s  -  L  I  p'-cr  lorrene  '-.Kt.tad  cf  ethvl  ceritrante  as  the  s'abilizer 

'EP  I’’  i  n  [  f  J  st  jb'l .  t  v  a  s  me  I'e^  by  the  90'*C  vaejum 

r  o 

c'db  I  t\  <)  C  T a  1  an.  and  130  C  Heat  tests.  Other  data  shows 
diphenv  Jotm"- 1  Mat  i/er  to  be  superior  to  ethyl  centralite  with  the  134.  5°C 
t  eat  tests  'J  l.ii  i  Appendix  B,'  Five  out  of  six  lots  containing  DPA 

gave  ‘am  r  p  ns  a'  es  ol  50  im-utes  lone  lot,  EP  15,  where  carbon 

lilacs  was  sjbst  ■  n  1  tor  charcoal  d‘  another  change,  gave  45  minutes  to 
al  iion  p: eh  ur  .1  exp'  -ted  m  less  than  300  minutes),  while  seven  out  of 

eight  lots  corta  t  E  stab’lizer  gave  values  of  less  than  50  minutes. 

c  o  ^ 

Bot!  fV  5  C  ard  80  C  <-  urvt  La  nee  tests  for  the  expert 
mental  lots  n  ol'.irj.  composition  var  a’  ers  were  still  underway  at  the 

I I  "ie  c.  f  tb,  s  r i  pc  rt 

d  he  <■  i  vityCharicterist.es 

P  at  nr.y  Drop  Test  senp'tnntv  values  ranged  from  seven 
to  10  i-tbes  for  star  la  rd  formulation  be-mte,  and  from  eight  to  11  inches 
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u  1 1 ii  the  mortified  formulations,  The  11  inch  values  were  obtained  with  the 
plasticized  and  the  pyrocellulos e  substituted  formulations.  Again,  the 
variables  selected  were  shown  to  be  relatively  insensitive  to  the  standard 
tests.  The  friction  pendulum  test  was  run  on  the  standard  formulation  benite 
onlv.  In  each  instance  snaps,  but  no  sparks,  burning,  or  detonation  with  the 
steel  shoe  was  reported.  This  test  is  described  in  Picatinny  Arsenal  Testing 
Manual  ?  •  1 . 

4  Benite  from  the  experimental  lots  EP-1  thru  EP-15  was 
s  tat i  c -t  t  st  eel  m  primers  to  determine  the  changes  produced  by  the  effect  of 
formulation,  strand  diameter,  etc.,  on  the  ballistics.  The  firings  were 
randomized  and  included  seventeen  groups,  six  primers  per  group,  three 
primers  each,  conditioned  at  -65°F  and  70°F  respectively.  Lot  EP-llB, 
made  in  accordance  with  the  specification,  was  the  standard,  with  Lot 
EP-1  1A  and  EP  1 1 C,  containing  strands  20%  undersize  and  oversize  in 
diameter  respectively,  making  up  the  additional  groups.  The  data  from 
these  f  rings  tabulated  in  Table  4,  Appendix  B,  indicate: 

a.  The  modified  formulation  EP-14  with  DPA  used  instead 
of  E  C  as  th  e  stabilizer,  and  ethyl  acetate  used  in  place  cf  diethyl  ether 
gave  the  most  desirable  primer  functioning  characteristics  --  (1)  low 
ignition  delay  with  high  maximum  pressures  (2)  higher  maximum  pressures 
at.  70°F  than  at  -6Ii0F. 

b.  Use  of  rework  has  no  deleterious  effect  on  primer 

functioning. 
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1  <-e  ri  coarse.  t>0  80  .r.cfh,  potassium  nurale  gi>'ts 
'i"i;  jjmnor  ,.it  a  s-  and  low  ^axirn.  m  pressures, 

d  Use  of  carbon  black  instead  of  charcoal  gives  long 
L'rut  or  d^l-ivs  and  ic*\»  maximam  pressu  res. 

i  Aid  tio'i  ot  single  ba°t  plasticizer  dibutylphthalate  and 
d  n  i  n'tclLere  g  '  f-s  i  lg-idion  delays  and  low  maximum  pressures. 

^  t  i.m«.  v-g  djic  pre!  m;:  ary  screenings  second  group  of 
M  8R2  Bn.”nt‘  v  e  re  leaded  with  ’a'  the  modified  be.*  »te  EP  14  (b)  the 
r<  crk  tecite  EP  '  the  RitD  standard  benite  PAE-- 28203.  This  second 

«.  p  'H-  asse  nbled  into  three-  nth  ts.s*  rounds  for  evaluation  in  gun 
l  rircv  I  i  •  was  too  to  prove  ojt  the  ball. Stic  acceptabil  ty  of  the  two 

t  .a>  c«r.s  <!  grea*e‘r  potential  va.-c.e  .  T*-  e  firings  in  the  three  inch  gun 

luri  to  ojerf  It  prc  ie  a  so  c  *t  ies’  of  1 1  e  perl o r mance  characteristics 
I  'll  H  for  the  to :!o>nrg  teasers: 

a.  f  f  cartridge  taw  was  nrcrimped  providing  a  minimal 

•  '  puli  ;  . 

b.  M  1  '  prcpeilart  tor  which  low  temperature  ignition 

s  st  rs-'r  (-,  .v a s  tl. 

A  badly  worn  gur  tube  with  a  history  ot  more  than  2,  000 
p  r  i  .ions  i  r  r  g  s  *as  u  c.  e  p , 

(■  The  scries  include  1  f>r.r  g  of  temperature  conditioned  rounds 
at  40  F  *70  F  a’d  f  i  t>0°F.  TK’s  was  .later  supplemented  with  ‘,0°F  firings 


of  rounds  containing  environmentally  conditioned  primers.  The  latter  were 
conditioned  by  being  subjected  for  28  days  to  a  temperature  of  +170°F,  or 
a  humidity  of  +  122°F  and  90%  R  .  H. 

7.  The  results  of  this  ballistic  test  are  in  Table  4,  Appendix  B. 

The  summary  follows: 

a.  All  of  the  experimental  benite  primers  performed 
satisfactorily  following  temperature  or  environmental  conditioning.  All 
velocity  dispersions  were  less  than  100  feet  per  second:  ignition  delays 
were  less  than  40  milliseconds  and  shape  of  the  pressure  versus  time 
traces  showed  smooth  rise  curves  (Figure  2,  Appendix  B). 

b.  In  general,  the  values  for  ignition  delay  were  shortest 
for  the  R&D  benite  and  longest  for  the  ethyl  acetate  -  DPA  benite,  EP-14. 

c.  In  general,  the  velocity  dispersions  were  lowest  for 
the  R&D  benite  primed  rounds  and  of  approximately  the  same  magnitude 
for  the  two  experimental  benite  primed  rounds, 

d.  Performance  of  all  three  lots  with  respect  to  average 

o 

velocity  and  dispersion  were  comparable  at  -40  F,  the  most  critical 
condition . 

Based  on  the  above,  it  was  concluded  that  (1)  use  of  rework  and 
(2)  use  of  ethyl  acetate,  instead  of  diethyl  ether  as  the  colloiding  solvent 
in  the  manufacture  of  benite,  caused  no  significant  changes  in  the  func¬ 
tioning  characteristics  and  was  an  acceptable  practice  for  production. 
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for  Ma-f  Pro iuct ion.  of 


v  Di  ■  r  rp  o.  l  of  an  .  mpreve-i  Pro  ft: 

B  >  ir  £  1 1  -!  -  • !  «• 

A  >  t  h  •;  .  c  •  he"  te  strar  ds  are  mar.  factored  by  essentially  the 

i.  1 1  .  '  r  .  <•  .  <  ,]t  h»‘i.  i  ar'r  "r  prcpc  iarts  labor  costs  are  cor.* 

it  r  I  .  t  •  '■  re--,  t*  t  rc  r>  *'.e  fa  t  'fol  the  lire  d  a  meter  tenite 

*  "  r i  \  -  •  r ,  ^ht  or  dr  •  jjr  a*-  i  tte.n  be  t  jt  into  t  -  shed  lengths 

*  '  t  0  •  •  .  *  i  |  ii.l  ip  ite  pr  .roe  •  Wit  n  ,-,e  0i  czr.  entiona).  ex- 

>  .*  '■  i  i  «*  a''!  p'  u  lit  r  disj  r  t  iic'«  me  strands  are  coiled  ir.  tuts  as 

i  ■  <  <  ’  p  •  *  >•  •  :  •  r  /  q  it  kJ  \  'it-  ■  e)  p  rig )dn  v  owi i  g  <  r  s divert 

i  p  r  t  ;  *  ■<  .  '«•*  iiat  u  ••  c*  p'  1  . r  Li  green  strards  Le  bang  or 

’i  -  *  «  *  Ir  t  'ji  *u!'  t  >.t  i-i.-,p.  : ai.tr  to  stiffen  .  t  about  or.e 

1  i  r  "it  t  c  r  t  sr.io  rouge  lengths  lor  final  drying.  After  drying. 

•  t-  Mr  *  *  t  t  i  i  it  recurred  le>  gth.  5.  ice  existing  high  speed  rannon 

pt  “■■dt  r  "i  's  ft*  'table,  for  ef.rer  -  green  or  final  c  „»tmg  operations, 
•>pr  *si  •  l.  •  j  pnert  ancf  associated  handling  operaticts  result  in 
h  ^  Pi.  f  '  • 

r  i  ■  ‘  <  i  >  .  -  a  i  lia  met  e  r  of  ber-  te  s  t : a  r. ds  arc  ve  ry  s  •  ti  lar  to 

f  't  i  *  j  if"'  5  rrctuct  fia'j'iCturfJ  it  a  >  e  rv  lo»  cost),  a  visit  t*a* 

"it  1  •  aspcgff”  p 1  p.  to  '"ifts"  trt  ptc  fp  i:g  terhrtj.es  a r.d  equip 

nent  .'f.,.i.  i  wo*  ‘c  •  I  tfiar  rht  operat."  ri  of  extrusion  and  preliminary 
i.jtt  rg  are  pi-- --p  *— k  •  •-  *  a  cc*c’.>  c  t  a c  s  cs.ir.g  a  rpach  ne  cal  ed  "a.  long 
gootfs  sprea  le  r"  T  o  rn-x  dough  st-  ..;h  s  prepared  continuously',  is  fed  bv 
a  ''re'<  feeder  rl  -  e  •manifold  cf  t^  e  ong  pcods  spreader  to  which  is 


r  4 


bolted  a  simple,  rectangular  plate  die  contairvng  approximately  2,  UOO 
onlices.  Strands  are  continuously  extruded  through  each  of  the  orifices. 

Extrusic  pressures  ate  approximately  2,  000  pounds  per  square  inch 
an d  are  contr  led  by  '  arying  screw  speed  ard  feed  rate.  )  Severing  strands 
from  the  front  and  back  bank  of  orifices  (a  twc  stick  machine)  on  the  die 
block  is  control  c-d  by  a  timing  device  which  intermittently  actuates  first 
the  front  and  *vf  the  back  strand  knife.  Each  time  a  rod  is  simultaneously 
pi  a.  eel  m  position  to  catch  the  accumulated  strands  for  a  preset  extrusion 
per  1  Each  ro  1,  which  is  54  inches  long;  holds  1,000  strands  {Figure  2, 
Append  \  C.h  The  timer  is  set  so  that  all  strands  on  the  rod  will  be  full 
length  or  longer  before  trimming  through  the  action  of  a  continuously 
reciprocating  sickle  bar  cutter.  The  trimmed  strand  ends  from  the  faster 
rjnrlng  dies  ire  dropped  to  a  conveyor  and  returned  for  remixing  by  a 
blower  in  the  left  foreground  (Figure  2,  Appendix  C). 

A  typical  two-slick  production  machine  has  a  cycle  time  of  50  seconds, 
with  each  cycle  yielding  2  000  strands,  about  40  inches  long.  This  is 
equivalent  to  900  1,  000  pounds  of  product  per  hour. 

The  rods  are  manually  loaded  onto  a,  transfer  buggy(about  100  rods 
per  buggy),  and  wheeled  into  an  oven  for  drying.  After  drying,  the  transfer 
buggy  is  wheeled  to  a  final  cutter.  The  rods,  containing  1,  000  strands  each, 
are  fed  o-e  at  a  time  to  the  cutter  which  first  removes  the  rod,  next  cuts 
the  turns  and  then  by  means  of  three  rotary  split  disc  cutters  mounted  on  a 
single  shaft  cuts  the  strands  to  the  required  length  while  conveying  them  to 
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I  I  .  |)o  .  k  1  *•  t  '  C  ' 

S  if1 1  t>e  ..  -  r  c  Uit  dho'c  type;  of  equipment  (with  necessary  safety 
ml  i  jt  •  prop*  Jiant  operations]  <  culd  provide  very  substantial  labor 
u‘  n  j  Id  'i,rc  cl  ben  te.  a  p  lot  scale  investigation  was  under- 

kc-  t  <)<  »<  r-»  <  >  <  ili  r  i1,'  pt  'i  e“-i-ig  cha  racteristics  of.  benite  lends 

1  >o  I1  s  i  „  . j i  -ii  n i  I  lire*  factors  were  considered  critical  in  demon- 

sir,!  rr  t(  ,4  lilt.’ 

c  I  (  r  -i  .  ollmd  mast  be  capable  of  satisfactory  ex- 
’  i  i-  <  ’  ti  '  j  ••  P  i  'I  ce  plate  type  die. 

b  VV  >  i  i  '  1  c>'  c  r  a  roc1,  the  green  strands  mid  not  curl 

ii  r  (|i  !  o  *  ■  n  .  •  1 1  t., 

S  <  extrusion  of  benite  colloid  must  not  involve  an 

••due  s  1 1  c- t\  >  r  •! 

I’m  r«  s  its  i  ,e  studies  performed  m  each  of  these  areas  is 
d  scusscd  n  •  (  follow  re  sect  or.s: 

vi  t.  Or  t  •' e  Plate  Die  Extrusion  Studies 
T‘  <  m  .  t  r  ter  extrusion  studies,  were  performed  or.  a  four- 
i(l  if  <  ai  i,og  puss  Following  discussions  with  spaghetti  equipment 
id  piatc  die  mu-  ,ial  t._  rers,  a  hi  orifice  plate  die  assembly  and  adapter 
t'  r  tht  Logar  press  «i*t  designed  and  fabricated  (Figure  3,  Appendix  C). 

The  major  Itjijd  oi  'bis  design  are: 

i.ff  ci  a  breaker  ulate  located  d  rect'y  above  the  plate 
die  or.t  .rung  i  re c  ro'vs  of  tapered  holes  17  holes  per  row,  to  correspond 


with  the  I  ;n  pain  r*  r  il  c-  plate  die)  to  break  up  and  spread  the  flow  from 
the  cl  ‘■tr.b  t.  r  etar.  foul 

b  Placement  ol  the  hcle  pattern  in  the  plate  die  so  that 
ti  i  strands  a  '»  t  c  jtt  r  g  lrotn  the  press,  can  be  picked  up  and  draped 
over  a  do"  c i  itheur  erlapping. 

To  c  al1  ate  the  ilow  uniformity  from  the  die,  the  length  of  the 
strards  from  i .  ,  >  f  the  three  revs  of  holes  -  -  designated  A  and  C  for  the 
outer  rov'  •”)  E  for  the  center  row  was  measured  for  each  run  and  a 
pci'  ent  vie  id  i3Tl  (Figure  4.  Appendix  C).  This  formula  v»  c  used: 


'  i  1:1  pi  r  RC'V  % 


Cumulative  Le-cgth  of  1  7  Strands,  inches  x 
)7x  D  star  c- f  r  cm  D;e  exit  to  fl  oor,  inches 


Tc  pre-.ae  a  common  bas  s  for  comparison,  the  run  was  stopped 
after  three  s*rar <t«.  r<  ached  the  floor.  Ar.  deal  o  era.ll  yield  ol  100%  would 
nee  ir  ea.  r  the  Tl  strand*  reached  the  *  cor  simultaneously.  Figure  5 
Appendix  C  •!owt  th  s  100%  yield  or  perfect  extrusion. 

ft  car  be  seer  frorn  the  data,  *lat  the  overall  yields  in  the  initial 


runs,  Mod/f  cat  on  1  'Table  1,  Appendix  C  ranged  from  39  to  55%.  v/  ith 
the  lowest  per  row  v  elds  coming  from  the  center  row.  Row  B  (Figure  6. 
Appendm  C  Ext ru s  cn  pressure  alsc  was  seen  to  be  a  factor,  since 
lowering  the  prc.se  ,re  from  750  pounds  per  square  inch  gauge  in  Extrusion 
2  to  650  pou'd*  per  square  inch  gauge  in.  Extrusion  3  caused  the  overall 
yield  to  drop  from  :  4  to  59%. 
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f  iipn  i-  .t’p  yield  from  the  center  row,  each  of  the  17  holes  in 
R  '  01  t’c  hr  kcr  plate  was  opened  from  .  185  inch  to  .  20  5  inch 

Mod  i  <^>  -  T*  s  was  lo  jnd  to  produce  an  increase  in  the  cente  r  row 

(  I  !.  and  pr  Jed  overall  yields  in  Extrusions  10-13  of  54-61%.  The 
>  oc  -  ■  l  ot  <  bi>  (.('i  succeeding  runs  is  attributed  to  non-reproducible 
through  put  ii  >i  the  individual  dies  due  to  intermittent  pressure  surges 
■'ill  tie  ra  a  prf  n-. 

Be  H  cod"  d  preoared  with  an  ethyl  acetate  solvent  system  was 
used  -r.  a1  the  extrusions  except  Extrusion  14,  where  the  standard  die thy 
ether  alee  ’io:  to"  1  .vas  used.  This  extrusion,  which  was  performed  with 
d  o  Mod  )  ut  or  lu’c  a  yield  of  only  46%.  This  confirmed  the  results  of 
v  ork  with  ccrnc  ntiona  1  extrusions  reported  in  Section  B  of  the  Study  which 
ti 'om-cl  '.ha*  t'  c  isc-  cf  ethyl  acetate  in  place  of  diethyl  ether  provided  a 
marks  1  mpr  >  m  i  in  the  processing  characteristics  of  the  colloid. 

Sine  e  p  .r’  of  the  problem  m  achieving  high  yields  was  believed  to 
hi  n  tlu  d  stit-t  or  section  the  threat  openings  into  the  manifold  were 
increased  r  u  a  deter  by  50%  f Modification  3).  As  seen  from  the  data  on 
exirvcru  ~  18  t-\<?  resulted  ;n  an  increase  in  overall  yield  of  from  71 

to  an"  pro  cied  essentially  equal  yields  with  all  three  rows.  Further 

mod  f  catio”s  t  ard  5'  to  the  breaker  plate  hole  pattern  were  ineffective 
in  increasing  if  id,  on  the  contrary,  reductions  in  yield  for  the  last 
extrus’or.s  were  noted, 
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T?  e  ref o  e  it  ..occluded  tha*  the  multi -orifice  nlate  die 

ext  .s-or.  O*  «•*  ff  lb  te,  t  r  1 1.  ill  j  feasible.  an  d  »h  at  by  optimizing  die 
desiii>  j.1  ext  .  s :  o  •  ordiliors,  overall  :elds  of  80%  or  higher  could  be 
■i  >  <  V*"J  u  *t  a  'r-g  good®  --  *t  "he  i  h  sp -osier  Tvese  yields  are  con- 

t  i  c**jo  on  s'  •>•  «  e  e  r  sior  -_n  I  i  -e  .ompa  ran’*  tc  ,v.ose  a  >:eved  in  the 

tear  f  •>  >  e  of  spaghe 

h  be  .0  /  •  rg  Stjhes 

T  .e  ?  se  of  a  long  goods  spreader  requires  that 

u  s'..-;'-  ‘s  fc<*  j  r  ape  i  r«v=  -  •,  s  nr.  ah’  J.arnefe ::  cod  and  then  dried 
wt*-o-  ■  df-lof.-j  •  *  .<•  -eq  ,i.-rs  '.he  s*  ti.  .is  have  sufficient  green 

s’ •  •  g  ’o  b<  i-  r.f.  :  m-  •  s  o)  /rv  cut  oraik'.ng  and  breaking  at  the  bend 

F  ■  or:  i  v  oi  r rices  T.aje  order  the  Process  and  Pro- 

•J  t  V,  .  *h  1  •  s  S.  r  d:s-  i  -  SB  t  or  3,  this  was  done: 

?he  si  s-j'j  from  4  he  <x*r  sion  were  collected  in 
t  h*  idle  wh  ic  »*•«  //<=  -e  i.-nr  =t:ia4e:  t  ir4o  cough  40-inch  lengths  and 

t  ap»- J  ov“  /  1  ,.t.  •'ociei.  dowels 

v>  The  ext  ►vs-,  on  *15  i.nte.  m: ‘tently  performed  so  that 
»s  ei  >  st  car  J  -e.  a  ed  -he  *Joo  t.h?  p-ess  was  stopped  and  the  strands 
were  ut  f-oir.  t>«  c'ess,  ar.d  draper  ove  -  a  :  /8  inch  wooden  dowel 

an  l  e  jer-  f  om  ,ve  p“ctog  apv  s  (Figures  7-ll)  that  the 
s*-ands  wh: *;h  »e-e  ciied  ’•■tc  he  .  Ps  d<=s’gnated  by  x)  had  after  only  a 

few  minutes  take  -  on  s  jffr:ie-.t  se»  so  tha»  they  were  curled  and  deformed 


pL  r  dry  no  The  strands  which  were  cut  from  the  press  (designated  by  S) 

-  'thiut  having  bun  coded  {Figures  8-14)  dried  into  straight  lengths. 

•  r  ^  ^  i  c  J  to  the  strength  of  the  strands,  this  varied  from 
\  t  >n  v.  it  r.,n  be  seen  in  Figure  7,  14  and  15  of  Appendix  C,  that  the 
x  F.P -  I  i,  pre-pi  red  using  ethyl  acetate  in  place  of  diethyl  ether  in  the 
solv  en'  svstt  m,  showed  no  evidence  of  cracking  at  the  bend  and  exhibited 
ph\-  c-jl  Kara  ter  s'.  >  s  which  would  be  satisfactory  for  rod  drying.  As 
seen  lrom  tnc  dsta  :n  Table  2,  Appendix  C  ethyl  acetate  compares 
la'  orabiv  v  'h  the  rommon  solvents  used  in  propellant  manufacture  Iron: 
the  standjei.nl  nj  gnitability,  toxicity  and  explosive  limits. 

4  .  mprovements  with  Batch  Type  Process 

Tt  e  cx  sting  Picatinny  batch  type  manufacturing  process 
(FlC'V  sheet  Figure  16.  Appendix  C,i  was  scaled  up  for  high  capacity 
prediction  at  norm  manufacturing  cost  with  "proveout"  and  incorporation 
of  these  impr.'vcmpn'!' 

=  The  di  ving  time  was  reduced  from  10  to  6.  5  days  by 

o  o 

increasing  the  dry  rig  temperature  from  104  F  to  131  F. 

b.  The  capacity  of  the  facility  was  increased  13  fold  by 
reducing  the  line  on  the  strand  drying  reels  to  12  hours. 

t.  Safety  and  economy  was  improved  in  the  catting 
operation  by  uni  7  ng  a  Diamond  Paper  Cutter  (formerly  used  for  wafering 
solventless  double  base  propellant)  via  design  and  installation  of  indexing 
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blocks  arr\  s  atter  guards.  The  change  permitted  going  from  a  shielded 
paper  cjHi  r  operation  working  with  1/10  pound  quantities  to  a  remote 
opi  raticr  '.crk'rig  with  two  pound  quantities. 

d  The  incorporation  cf  rework  improved  the  raw  materials 
utilization  Ircm  lc.  90%  t, 

%  Detonation  Hazards  Studies 

To  assess  the  detonabihty  of  benite  colloid,  a  series  of  pipe 
delonatic"  'ests  were  performed  using  a  test  set-up  which  has  been 
developed  at  P  atmr>v  for  this  purpose.  Colloid  in  crumb  form  as  taken 
from  li  e  mixer  as  well  as  consolidated  blocks  was  subjected  to  tests. 

Wei  san  1  v  as  used  as  inert  simulant  and  M10  colloid  as  a  control. 

It  can  be  seen  from  the  drawing,  (Figure  18,  Appendix  C) 
and  the  photograph  ,'Figuic  19,  Appendix  C)  that  the  test  material  is 
initiated  by  a  relatively  heavy  charge  (J-2  Engineer  Blasting  Cap  and  .  47 
pounds  of  Tetrvl)  under  conditions  of  severe  confinement.  The  major 
enter  on  in  assess  ng  the  results  is  the  amount  of  indentation  produced  in 
the  one-inch  m  Id  steel  witness  plate  located  approximately  three  charge 
diameters  from  the  initiating  explosive.  Other  data  collected  is  the  weight 
of  uncons  ,rne<i  material  and  the  number  and  size  of  the  pipe  fragments. 

Tests  results  are  summarized  in  Table  7  and  photograph 
Figures  20-2  6  (Appendix  C).  The  photographs  and  data  indicate  that 
consolidated  blocks  of  both  benite  and  M-10  colloid  behaved  similarly,  being 
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(j.ii'ti  •)!  <  o  s  . mr fj  and  producing  no  evidence  of  detonation.  However, 


i  ion  ibh  » c  n  i  ompli  trlv  consumed  for  both  M10  and  benite.  In 

i  s- <  1  I  i  'i  1  2  ^  mi  |i  indentation  is  viewed  to  be  evidence  of  a  low 

it  l<  r  ditot  i  cr  ,.>'1  duplicates  almost  exactly  the  value  obtained  for  M6 
■  'I  ’p  i  1 1  *- 1  «•«  *  ■«  »  previously  reported  (Reference  3).  For  comparison 


si.*-  i  Lj  .i  ;  of  data  from  this  lest  and  previous  test  series  with 


'.imous  propi  i-iits  is  given  below  ■ 

Witness  Plate 

Explosive 

Hr  zard 

1  'ffipc  i  1  t'jt 

Indentation,  in 

Classification 

d!n  '!)./lb  e  BaSv  So  it,,  ties  s', 

Complete  shattering  9 

M  1  5  i  cMo.d 

0.  532 

9 

‘  1 o  c  ol lo1 d 

0.  117 

2 

M  1  0  i.  ol  to  d 

0 

2 

'  BS  ■  1  2  <K  •  lo*-  ft  l> 

r  rv  ere-  rn  n  t  rate  - 
ccmpa  t.c' 

0.  123 

2(  Recommended) 

I  c  n  "  e 

0.  125 

bin  ;  or  i  ic  above  comparison  benite  colloid  appears  no  more 
si  iimI  i  to  1.  ic  t  on  M  an  single  base  or  low  energy  composite  propellants 
a nd  nc  be  c  if- re  ,  as  a  Class  2  material  during  extrusion. 

6  Ecor_  •  i  Analysis  ot  Proposed  Production  Engineered  Process 
A  rn  '  oft  analysis  was  made  for  the  manufacture  of  benite 
rands  a*  b  e  rate  rt  50  000  pounds  per  month  by  ( 1 )  scale  up  of  the 
<  irrent  R&D  process  and  CM  a  proposed  production  engineered  process 
based  on  spaghe't  ivpe  processing  techniques  involving  continuous  extrusion 
H  ru  a  plate  dir-  lone  goods  .  preader  combination  and  final  cutting  by  means 


of  rt  rotary  split  disc  cutter.  Flowsheets  for  the  RfStD  and  Production 
Engineered  Processes  are  in  Figure  1.6  and  17  respectively  (Appendix  C). 

A  breakdown  of  manufacturing  costs  for  the  two  processes,  as 
"’ell  as  a  cost  e  stimate  for  the  proposed  spaghetti  tvpe  equipment  are  con¬ 
tained  m  Tables  2-6,  Appendix  C.  The  analysis  is  summarized  below: 

Prod.  Engr'd 

R&tD  Process  Process 

Mat  1  (  osts/100  lbs.  $  70.  84  $64.00 

M  hrs/100  lbs.  2  1  ?8  7.  84 

Total  m  il  cost/100  lbs.  2 27,78  121.82 

Amortisation  Period  1.  1  months 

Jt  can  be  seen  from  these  results  that  a  savings  in  manufacturing 

cc-ts  ol  $106  per  100  pounds  is  projected  by  using  the  proposed  production 

engineering  process  -  which  at  a  rate  of  50,  000  pounds  per  month  would 

permit  a  payout  period  for  the  prototype  equipment  of  1.  1  months. 
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appendix  a 


TABLE  1 


REVISIONS  EFFECTED  TO  BENITE  SPECIFICATION  REQUIREMENTS 


I  ES  T 

PA  -  PD  -1741 
( 9  Apri  1  ’959) 

MIL-P-45451 
(27  Jan  1960) 

Total  Moisture 

0,5% 

1.0% 

Total  Volatiles 

0,7  5% 

2.  25% 

Sne  -ific  Gravity 

1.7  t-  0  2 

1. 65  +  .15 

H  j; '•oscopi  r ity 

'  9%  Max. 

Eliminated 

F  motioning 

Fire  15ea.  at 
-65°F  and  -rl60°F 

Eliminated 

Po’assium  Nitrate 
lug  redient. 

Recrystallize  or 

Reagent  Grade 

Commercial 
.  Grade 

’34  5°C  Heat  Test 
'Time  for  Methyl 

Violet  Test  Paper 

To  Change  to  Salmon 
Pink) 

Not  Less  Than 

40  Min. 

Not  Less  Than 
35  Min. 

Straightness 
*,  3 v C  j-  20  Grain 

Thru  0. 420" D 

Ring  Gage 

Thru  0.413" D 
Ring  Gage 

Bundle ) 
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TABLE  3 


RESULTS  OF  STATIC  FIRINGS  IN  THE  XM  -  79E1  PRIMERS 


Bemte  Condition- 
Lot  No.  mg  Temp. 

F 

TV 

r 

TM 

Ma.x.  Press. 
PSIG 

Ignition  Delay,  ms. 

1st  Flash  Last  Flash 
Hole  Hole 

Burning 

Delay 

ms. 

Remarks 

SR  31B  70 

1.86 

0.55 

5024 

1.0 

1.9 

.9 

1st  Radford 

.. 

•• 

•• 

4429 

.7 

1.7 

1.0 

Prod.  Lot 

"  " 

" 

5233 

.5 

1.0 

.5 

" 

- 

4270 

1.0 

1.7 

.7 

" 

" 

" 

" 

4898 

2.3 

2.2 

-- 

" 

" 

" 

" 

7850 

2.0 

2.1 

.1 

•< 

Average 

5284 

1.25 

1.77 

.52 

" 

PAE2979G  70 

2.96 

1.5 

4643 

1.2 

1.2 

0 

High 

" 

" 

6707 

1.3 

1.4 

.1 

Moisture 

" 

" 

5854 

.8 

1.7 

.9 

Volattles 

» 

» 

7913 

22.2* 

22.4* 

.2 

Lot 

» 

" 

•• 

7262 

1.2 

1.3 

.1 

" 

4773 

.9 

1.2 

.3 

" 

Average 

6192 

1.08 

1.30 

.28 

ii 

SR-31B  160 

1.86 

0.55 

3842 

.6 

1.2 

.6 

1st  Radford 

•• 

•» 

" 

4647 

.5 

1.2 

.7 

Prod.  Lot 

" 

4773 

,6 

1.7 

.9 

" 

■■ 

" 

- 

4152 

.9 

1.5 

.6 

•• 

■■ 

» 

4002 

1.0 

1.6 

.6 

if 

Average 

4283 

.7 

1.44 

.74 

H 

PAE2979C  160 

2.96 

1.5 

5349 

.6 

1.3 

.7 

High  TV  & 

" 

" 

" 

6773 

.8 

1.3 

.5 

TM  Lot 

* 

" 

7174 

.2 

1.0 

.8 

II 

" 

" 

» 

5950 

.8 

1.3 

.5 

" 

" 

" 

" 

6072 

.9 

1.1 

.2 

" 

Average 

6264 

,66 

1.2 

.54 

" 

\  -  4 


TABLE  3 


(CONTINUED) 


Benito  Condition- 
Lot  No.  ing  Temp. 

'  F 

(” 

C 

TV 

C 

TM 

Max.  Press. 
PSIG 

Ignition  Delay,  ms. 

1st  Flash  Last  Flash 
Hole  Hole 

Burning 

Delay 

ms. 

Remarks 

SH-31B  -OS 

1.86 

0.55 

No  Trace 

Excessive  Delay 

1st  Radford 

.. 

• 

" 

4180 

.7 

1.7 

1.0 

Prod.  Lot 

" 

" 

•• 

4037 

.7 

2  5 

1.8 

" 

4984 

11.6 

123 

.7 

» 

4242 

5.4 

6  ■£ 

.8 

it 

" 

" 

4270 

3.4 

24.4 

l.C 

it 

Average 

4342 

8.4 

9.42 

1.02 

PAE29796  -65' 

2.96 

1.5 

4524 

4.9 

5.4 

.5 

High  TV  & 

" 

" 

" 

5864 

.5 

1.4 

.9 

TM  Lot 

» 

" 

» 

9043 

1.8 

1.9 

.1 

It 

" 

" 

" 

7049 

2.7 

2.6 

... 

It 

» 

" 

6012 

1.3 

1.3 

0 

» 

" 

» 

" 

7375 

2.0 

2.1 

.1 

II 

Average 

6645 

2.2 

2.45 

.25 

n 

PAE28203  -65 

1.59 

0.43 

6235 

.7 

i.l 

.4 

R&D  LI' d. 

"  " 

" 

" 

7471 

.5 

1.2 

.7 

*•* 

" 

» 

7262 

1.5 

2.0 

.5 

tt 

" 

" 

" 

5054 

.6 

1.2 

.6 

H 

Average 

6505 

.78 

1.4 

.55 

ft 

PAE29139  -65 

2.11 

0.85 

7073 

.6 

1  4 

.8 

1st  Prod. 

" 

•• 

6668 

.8 

1.3 

.5 

Lot  P.A. 

" 

" 

" 

6000 

.5 

1.2 

.7 

it 

Average 

6587 

.6 

1.3 

.7 

" 

PAE29139  70' 

2.11 

0.85 

4702 

.9 

1.2 

.3 

" 

PAE28203  70' 

1.59 

0.43 

6337 

.5 

1.0 

.5 

R&D  St' d. 
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TABLE  4 


1  ABU  TAT  JON  OF  MOISTURE  ABSORPTION  CHARACTERISTICS  AND 
COST  FOR  POTASSIUM  NITRATE  FROM  SEVERAL  SOURCES 


Sou  rc  p  or  Tvpt 


MIL  P  I  56 
Clan s  I  or  2 
( Technical 
Grade) 


Reagent  Grade 
(J.  T.  Baker 
Rec  rystallized  Company)* 


I  Peri,  uni  H  eg  rose opic  lly  0.  74 


0.  24 


No  ol  Lets  A'  e  raged  5 

2  Sodu  ’ii  Conti  r’  ,’Max.  )  0  19%  ** 

Sodi  jti  Content  (Analyzedi  0.  16% 

<  Cost  per  pound  $.  10 


4 

0.  02% 

$.  50  + 


0.  02% 

$.  53 


Note  s 


J.  T  Baker  s  Reagent  Grade  was  used  by  Radford  Arsenal  as  an 

alternate  for  tec  ry  staili  zation. 

This  value  is  obtained  from  MIL- P-156  in  which  the  percent  as 
sot.  turn  oxide  t«  specified  as  0.  25%. 
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This  value  indicates  that  the  characteristic  unexplainably  high  volatiles  content  of 
specification  benite  which  is  the  sum  of  the  total  moistur  r  and  residual  solvent,  is 
due  to  the  charcoal. 


1  AHLK 


Note:  Samples  into  Surveillance  ovens 


High  TV  Benite,  PAE  29796 


MILLISECONDS 

Standard  1st.  Radford  Lot,  RAD  SR-31B  Charged  Primer 


Figure  1.  Typical  Pressure  Vs.  Time  Traces  From  90mm.  Gun 
Firing  At  -40°F.  With  The  T-300E  53  Round  (Series  2). 


Note:  1.  The  calibration  factor  for  determining  time  (milliseconds)  from  the 
above  trace j  in  2.5  times  the  value  shown. 

2.  The  discontinuity  of  the  P  Vs.  T  trace  location,  the  point  at  which  the 
projectile  leaves  the  muzzle  of  the  gun. 
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(31)  52927  XM-79E1  PRIMER 
P-  15  Cal.  5000 
P  -  53  Cal.  0-12  0  P/S4166 
P -55  Cal.  5000  8/31/59 
Lot  PAE  29796  Temp  70°F 


(  32)  52928  XM-79E1  PRIMER 
P-35  Cal.  5000 
P-53  Cal.  9420  P/S4166 
P-55  Cal.  5000  8/  31  /  59 
PAE  29796  Temp  -65°F 


I 


Figure  2.  Typical  Static  Firings  Pressure  Vs.  Time  Trace  For  -65°F. 
Conditioned  High  Moisture  Benite  Primer 


A-  1 0 


(1)  52897  XM-79L1  PRIMER  (2)  52898  XM-79E1  PRIMER 


P-35  Cal. 

=  5K  Ch 

1 

Ch  1 

P-35  Cal. 

=  5K 

P-53  Cal. 

9-420  Ch 

2 

P/S  4166 

Ch  2 

P-53  Cal. 

9420  P/S  4166 

P -55  Cal.  5KCh 
+70  Lot  29796 

3 

8/31/59 

Ch  3 
+  160 

P-55  Cal. 
Lot  29796 

5K  8/31/59 

o 

Figure  3.  Typical  Static  Firings  Pressure  Vs.  Time  Trace  For  70  F 
And  i160°F  Conditioned  High  Moisture  Benito  Primer 
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(17)  529  1  3  XM-79E1  PRIMER 
P-  35  Cal.  51\  P  S  -4166 
P-53  Cal.  99  30 
P-55  Cal.  5K  8/31/59 
i  160  SRB-31 


(18)  52914  XM-79E1  PRIMER 
P-35  Cal.  ;  5K 
P-53  Cal.  =  9420  P/S4166 
P-55  Cal.  =  5K  8/31/59 
65  SRB-31 
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Figure  4.  Typical  Static  Primer  Pressure  Vs.  Time  Trace  For  Standard 
Benite,  Lot  SR-31B,  Conditioned  At  +160°F.  &  -65°F. 
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Lhuxro*  nm  .!l  LATION  AND  OTHER  VARIABLES  ON  p,<nT LSSAniUTY  PKODl  <  T  CHAHA<  THUS!  ! 


i  I 


l  IU«t  I«.\l 

i«*»a  ju  »*«»n 

.i.iUKillduns  j  c  s»j 
1C  ° 

a.iucuio.ung  j  OH 
ie 

u]iu  jr  h 

J„S  t-CI 

uminpudj  uoip]4j 
Ml  *  iw.*j.  Hojq 

j  'uoueHuou 


(  ui  sqj) 

'mitMng  ,>n«uox 


sjqjui 

AiiaKJQ 

1  •dJnjs.mw  l«l«± 

s.»|t}EH>\  1«K)1 
'A)|Jtdo.)sujHA}| 

Apiujujiu.)  uoisruixj 

isd  •  ctNjj  uoisnjuj 

)Hd  *  shjj,|  uajj jv; 

ju.»a|os  HI  JJd  ov 

13  Jo  JJHJ3  ;  ofroj 
(ON  <11  J-*d  sq|) 
uoiusoduioj 


a  i 


s 

to 

g  g 


o  o  o 


C  V 


U  c 
U)  *> 

n 

<  t 

0.  ts 


o  o 
d  o’ 


O  u. 

I  I 


Z-  5  4,  Ma  — 

0  u  5Q  ‘ 

T3  T)  W  TJ  “ 


£  U  O 
Ju  w 

II  I 

2  a.  a 

<5,0, 

3  N  3 


o 

i  fi 


Sul 


8  r  s  ;| 

u  j  u  >  ^  _ 


SsjS-fNSNSSa 
2  “Tj  B ^  H  H  c 

IB  5  l/>  A  U>  A  *  tfl 


“  A3  ~ 
i«  « 

<n  <  ** 


■o  "a  -p  2  ^  7  C 

•  a-  C  3  C 
S5S..3  5r 


3  33*  5  Si 

33$  $12 

U>  tfl  */)  «/>  l/J  * 


H  s  «  !n  3  «  i 


18 


s 

fti 

I  » 

ci  e 

“  c 
« t : 
B?  8 

°Jg 
€  *2 
H  tfS 
Y£? 


fcS 

x  x 


n  — 

—  i 

£Sg 


1 

Ill 


-  E 


To  S 


31 


o  m 


XX  X  I  X 

98  3'? 


o  o  ooooo 

m  m  B  A  n  s  m 
M  A  33  H  m  o  A 

V  m 

mv  m  in  in  ♦  in 
MM  NNNNN 

Cl  u>  AQh  Ah 

o  o  SSooS 


0  3  O  O  O  O  C 


iCflCN* 

hNNNA 


PS  8.S.8 


oo  oooou 

ii  mu 

ii  siiii 

o  o  ooooo 
mo  in  o  o  o  in 
r-  to  v  in  in  in  » 

o  o  OOOOO 


ICIOIOWIO 


cf 

i 

* 

*  yt 

H 


«Ju 

ii;t 

Ssf  sz 

°t 
*o  *7  S  fj 

^  a.  *<  a.  5 

■Jui  Efw  S  fi 

«  M  2  x  ®  ts 

ISfiSdS 

3*'!:t)3 

■9  § 

u8  «J  j5  K 


<r 

2 

s 


Si  - 

Jfig 

u  PJ  R 

3? ‘5 

olJ£ 

mi 

3»3I 


sssy. 


1  I 


*! 


19 


?  |£ 

5 

«  t  M 

;  So 

o  b  i 

£  i£ 

1 

llt£, 

Ji€f  J 

■7  "  o.  . . 
2|ST 
*?“S 

S5|« 

z  »  E  t 

III* 

5  S?  1 

It*! 

!ss* 

l||I 

Sc* 

^  £  ^  o 
i£32 

Hli 

njj 

<SuS 


E? 

2  " 

.8 

r. 

a? 

Jl 

i  - " 

S  *1 
►  M  = 

oo  Is 

s**  Q.  *1 

I*  E1" 

5,U 

a  S 

Al 

-  B  Sa 

*u|  j 
3  U  KjS 

Ifil 

if*  as 

s  Jw7 

s;^ 

W  f  Em 

w  E  “ 
■2  3?  £ 
5  *•  M  Z 

ih* 

111*? 

°ias 

k  |  ±  S 

^e.  0.5 

site 

I£ie3 


i1,  <i 


TABLE  2 

COMPARISON  OF  STABILITY  TEST  RESULTS  FOR  VARIOUS  BENITE  LOTS 


Benite 

Heat  Test  (min.) 

Vacuum 

Stability  (40  hrs.) 

110 

C  Tallani  Test 

Surveillance 

in  ml.  of  gas 

Slope 
(y  100mm. 

Slope 
§  100  min. 

No. 

134.5  C 

120  C 

90°  C 

100  C 

to  100mm. 

80  C 

65°C 

I  Standard  Formulation  Benite 

PAE 

2G467 

151 

20 1 

- 

- 

_ 

- 

- 

160mo+ 

28203 

45 

140 

1.G0 

11.02 

Neg. 

Neg. 

Neg. 

29171 

35 

145 

3.49 

» 

■■ 

o.c: 

29406 

35 

115 

4.91 

164 

3.53 

0.55 

29534 

35 

135 

4.54 

160 

0.52 

0.60 

RADSR-31B3 

40 

135 

1.87 

6.59 

Neg. 

Neg. 

0.10 

4 

EP-7 

35 

145 

- 

- 

- 

- 

EP-95 

60 

300 

- 

- 

- 

- 

11  Modified  Benite  using  DPA  in  lieu  of  EC  (Stabilizer)  and  Ethyl  Acetate  Solvent  in  lieu  of  Ether. 

EP-14 

50 

245 

1.74 

2.73 

- 

- 

- 

- 

6 

EP-16B 

55 

300+ 

1.06 

Neg. 

Neg. 

Neg. 

NOPE: 

1.  The  values  shown  were  obtained  from  testing  the  material  removed  from  the  B0°  Surveillance 
oven.  With  the  134. 5'C  test,  explosion  resulted  in  le  -_  than  300  minutes  of  continued  exposure. 
The  sample  was  found  to  be  depleted  of  Ethyl  Centrallle  Stabilizer. 

2.  The  high  vacuum  stability  value  was  checked.  The  indicated  impaired  stability  was  not  con¬ 
firmed  by  a  low  stabilizer  analysts  value  (the  material  analyzed  0.51%  Ethyl  Centralite). 

3.  A  rerun  on  vacuum  stability  gave  a  value  of  5.76  ml.  The  analysis  for  Stabilizer  gave  a  value 
of  0.42%  E.C. 

4.  Analysis  for  Stabilizer  0.45%  E.C. 

5.  Analysis  for  Stabilizer  0.21%  E.C. 

6.  In  addition  to  surveillance  tests  on  this  non-standard  benite,  surveillance  testing  is  underway 
on  non-standard  benite  Involving  lots:  EP-3,  4,  5,  8,  10,  12. 
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Hound  -  (Non  Standaid  r'Mind  used)  Propellant  M-17  HAD  »buC34  (web  0.0481  in.  M.P. )  Chp.  wt.  4  lb..  12  oz. 

Projectile  M-42A1  Inert  loaded  to  12.  8Ci  lbs. 

Case  MK  2  M2  Brass  (resized).  Not  crimped:  drilled  10  in.  from  base 

Primer  M28  B2.  Benito  280  «r. .  M-6 1  Element;  Ml  B1  A2  He?.d 
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Figure  1.  Benile  Strands  On  The  Picatinny 
Benin-  "i  t-i.  on  Drying  Rack 
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TABLE  2 


COMPARISON  OF  TOXIC  AND  EXPLOSIVE 
PROPERTIES  OF  SEVERAL  SOLVENTS 


1  MAC  Maximum  allowable  concentration  in  air  for  an  eight-hour  period. 


Ethyl  Acetate 
Diethyl  Ether 
Acetone 
Ethyl  Alcohol 


400  ppm 
400  ppm 
-  1 ,  000  ppm 
- 1 , 000  ppm 


Flash  Point  -  Temperature  at  which  vapors  from  an  open  or  closed  cup 

ol  solvent  will  ignite. 


Closed  Cup 

Cpeu  Cup 

Diethyl  Ether 

-20°F 

_  _  _ 

Acetone 

0°F 

1  5°F 

Ethyl  Acetate 

24°F 

30  °F 

Ethyl  Alcohcl 

55°F 

— 

Explosive  Limits 

(Percent  Volume  in  Air) 

Lower 

Upper 

Diethvl  Ether 

1 .  7  percent 

48.  0  percent 

A  cetone 

2.  1 5  percent 

13.0  percent 

Ethyl  Acetate 

2.  18  percent 

11.5  percent 

Ethyl  Alcohol 

3.  28  percent 

19. 0  percent 

IV.  Reference 


I  (above):  N1  Sax  Dangerous  Properties  of  Industrial  Materials 
II  &  III  (above)  Lange.  Handbook  of  Chemistry 
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TABLE  4 


LABOR  REQUIREMENT  COMPARISON  IN  MANHOURS  FOR  R&tD  AND 
PRODUCTION  ENGINEERED  PROCESS  FOR  50,000  LBS.  OF  BENITE 
STRANDS  PER  MONTH,  20  DAY,  TWO  SHIFT  PER  DAY  OPERATION 


Operation 


Man  Hours  Per  Shift 
R&D  Prod.  Engr'd 

Process  Process 


Ingredient  Preparation  16 

a  Grind  potass  nitrate,  600  lbs. 
b  Dehy  &  break  Nitrocellulose,  500  lbs. 
c.  Weigh  out  mat'ls  for  250  lb.  mixes 

Mix  16 


3  Block  8 

4  Extrude  56 


16 


16 


8 


5.  Straighten  &  Pre-dry 


80  8 


6  Cut  to  Length 


48 


8 


F inal  Air  Dry 


16  16 


8.  Pack  (26  48  lb  cartons) 

Total  i'M.  H.  per  Shift) 
Total  (M  H.  per  100  lbs) 


26 

266 
21  28 


26 

98 

7.  84 
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TABLE  .8 


A  PROJECTED  MILL  COST  COMPARISON  IN  DOLLAR,'  PER  100  LBS. 
FOR  A  50  000  LB  PER  MONTH  BENITE  FACILITY  SHOWING  THE  R&D 
PROCESS  COST  VS.  THE  PRODUCTION  ENGINEERED  PROCESS  COST 


R&D  Production 


't  ern 

Basis 

Process 

Engineered  Process 

Mo  te  rial,  Rav 

See  Table 

$32.  74 

$25.  90 

Material,  Pack  >,e 
incurred  at  P.  A. 

Actual  Cost 

oo 

o 

38.  10 

Labor 

$2.  50/mb  (See  Table  #3; 

55  HO 

1?  60 

Supervision  <u 
Clerical 

10%  o:'  D.  L. 

5. 22 

1.96 

Maintenan  :e 

25%  of  D.  L. 

13.  30 

4.  90 

Utilities: 

10%  cf  D.  L. 

5.  32 

1.96 

Overhead 

1  50%  cf  D.  L. 

79.  80 

29.  40 

Total 

$227. 78 

$121.  82 
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TABLE  6 


PROJECTED  COST  SAVINGS  USING  SCREW  EXTRUDER,  SPREADER  AND 
LONG  GOODS  CUTTER  FOR  50,  000  LB.  PER  MONTH  FACILITY 


1.  n?i-iLc  :  tost  of  Prototype  "Long  Goods"  Equipment 

a.  Extruder  and  Spreader - - -  $16,000 

b.  Long  Goods  Stick  Remover  &  Cutter -  $11,250 

Installation  (40%) - $10,900 

Sub  Total  $38,  150 

2  Modification  Cost  for  Use  With  Explosive  Materials 

a.  Design  and  Shop - - -  ^>10,000 

b.  nstrumentation  { 10%) -  $  4,000 

*c.  Convening  Equipment  (15%) - $  6,000 

Sub  Total  $20, 000 

$58, 150 

Total 

3.  Manufacturing  Savings  Anticipated 

(from  Table  (14; 

a.  Cost  per  100  lbs  with  R&D  Process  - - -  $227.  78 

b.  Cost  per  100  lbs  with  Prod.  Engr'd  Process--  $121.82 

c.  Savings  per  100  lbs  (a-b) -  -  $105.96 

4.  Amortization  Period  Based  Upon  Labor  and 

Materials  Savings -  $58,  150  _i  i 

$105.96  x  500 

Required  For  Remote  Operation 
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Figure  1.  fypi cal  Long 


i^quipm  -nt  arrangement  »nd  trimming  op  - ration 


Figure  Z.  Typical  Spaghetti  Spreader 

Equipment  showing  hopper,  conveyor  and  blower 
return  (or  trimmings. 


C  - 12 


'igure  3.  Die,  Multiple  Extrusion  And  Strand  Spreader  For  Benite  Strands 
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Figure  7.  Comparison  Of  Strand  Straightness  (Top  View) 
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Figure  12.  Comparison  Of  Three  Modified  Formula  ion  Benite  Lots  For  Solvent  Wet 
Plasticity  And  Strength  (Top  View) 
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Figure*  I  L  Comparison  Oi  Th  n  *  Modified  Formulation 
Benito  Lots  For  Straightness  After  Drying 
'Front  View) 
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For  ethyl  acetate  colloided  benite  (Lot  EP-14)  vs.  diethyl  ether  colloided  benite 
sing  carbon  black  in  lieu  of  charcoal  (Lot  EP-15). 


Figure  15.  Improved  Straightness  (Front  View) 

Results  from  immediate  spreading  of  benite 
colioided  vith  less  volatile  ethyl  acetate  solvent 
(Lot  EP-14)  vs.  diethyl  ether  colioided  benite 
containing  carbon  black  (Lot  EP-15). 
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Figure  16.  Flowsheet,  R&tD  Process  Fo;  Manufacture  Ot  Benite  Strand 
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Figure  17.  Flowsheet,  Production  Engineered  Process  With  Continuous 
F.xirusion  And  Spreading  Using  Modified  Benite 
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Figure  18.  Detonation 
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